Introduction
============

In the human genome, only 2% of transcripts are protein-coding RNAs, and almost 90% of genomic DNA in eukaryotic genomes do not encode proteins.[@b1-ott-8-1471] These non-coding RNAs (ncRNAs) have been dismissed as transcriptional "noise" in past decades but are now classified into two categories: housekeeping ncRNAs and regulatory ncRNAs. Housekeeping ncRNAs, including ribosomal, transfer, small nuclear, and small nucleo-lar RNAs, are usually expressed constitutively. MicroRNAs, small interfering RNAs, and piwi-associated RNAs belong to the short regulatory ncRNA group.[@b2-ott-8-1471] Notably, long non-coding RNAs (lncRNAs), 200--100,000 nt in length, are crucial players in various key biological processes, including chromatin modification, transcription, and post-transcriptional processing.[@b3-ott-8-1471],[@b4-ott-8-1471] Emerging evidence indicates that the dysregulation of lncRNAs may contribute to tumor cell proliferation, apoptosis, and invasion, as well as participate in metastasis.[@b5-ott-8-1471]

The lncRNA HOX transcript antisense intergenic RNA (HOTAIR), an lncRNA with regulatory transcription activity, was identified in 2007.[@b6-ott-8-1471] HOTAIR is transcribed by RNA polymerase II (RNAP II) from the antisense strand. It is co-expressed with the *HOXC* gene cluster and participates in the trans downregulation of various genes in a genome-wide fashion,[@b6-ott-8-1471] although some genes are upregulated by HOTAIR. Aberrant HOTAIR expression is associated with various types of cancer, such as breast, hepatocellular, and gastric, among others, and its expression affects the survival and prognosis of cancer patients.[@b5-ott-8-1471],[@b7-ott-8-1471],[@b8-ott-8-1471]

Recently, a study reported that HOTAIR is an estrogen-responsive gene.[@b9-ott-8-1471] Similar to other protein-coding estradiol (E2)-responsive genes, HOTAIR is activated by E2 and is transcribed from the antisense strand under the coordination of E2 receptors (ERs), ER co-regulators, and general transcription factors associated with RNAP II transcription. In addition, HOTAIR is potentially regulated by the RNAP II machinery in the presence of E2.[@b9-ott-8-1471] Estrogen induction of cell proliferation is a crucial step in breast and gynecological tumors, such as cervical, ovarian, and endometrial tumors.[@b10-ott-8-1471] Some studies have shown that HOTAIR upregulation contributes to carcinogenesis in these tumors,[@b5-ott-8-1471],[@b11-ott-8-1471]--[@b18-ott-8-1471] whereas a few studies have investigated the role of HOTAIR as a tumor-suppressing gene and have yielded mixed and inconclusive results.[@b19-ott-8-1471]

Currently, there is no meta-analysis investigating the association between these factors. We therefore performed a meta-analysis to evaluate the prognostic significance of HOTAIR expression in four of the main estrogen-dependent tumors.

Methods
=======

Identification
--------------

This meta-analysis was performed in accordance with preferred reporting items for systematic reviews and meta-analyses.[@b20-ott-8-1471] PubMed and Embase were searched for studies using both medical subject heading terms and free-text words. The following search terms were used: HOTAIR, "HOX transcript antisense RNA", breast cancer/neoplasm/tumor/carcinoma, cervix (or cervical) cancer/neoplasm/tumor/carcinoma, ovary (or ovarian) cancer/neoplasm/tumor/carcinoma, endometrium (endometrial) cancer/neoplasm/tumor/carcinoma, prognos\*, predict\*, outcome, mortality, survival, recurrence, and metastasis. The last search was performed on March 14, 2015. The citation lists of the retrieved articles were manually screened to ensure the sensitivity of the search strategy.

Inclusion and exclusion criteria
--------------------------------

Studies in this meta-analysis had to meet the following inclusion criteria: 1) inclusion of patients with breast cancer, cervical cancer, ovarian cancer, or endometrial cancer; 2) evaluation of the association between HOTAIR and clinical prognosis; 3) sufficient data to estimate hazard ratio (HR) and 95% confidence interval (95% CI); and 4) publication as a full paper in English. Studies were excluded based on the following criteria: 1) duplicated studies, reviews, letters, unpublished data, and comments; 2) published in a language other than English; 3) data that could not be extracted or calculated from the original article; and 4) non-human subjects. Study selection was achieved by two investigators independently according to the inclusion and exclusion criteria by screening the title, abstract, and full text.

Data extraction
---------------

The data of eligible studies were extracted in duplicate by two investigators independently (Li and Wen). The following details were extracted: name of the first author, year of publication, country of origin, ethnicity of the study population, type of specimen, cancer type, number of patients included in the analysis, detection method of HOTAIR, and cut-off values, as well as the HR and the corresponding 95% CI for overall survival (OS), metastasis-free survival (MFS), recurrence-free survival (RFS), and disease-free survival (DFS). Two authors checked the extracted data and reached a consensus considering all data. Disputes were resolved by discussion. If dissent remained, then the third investigator (Zhang) was consulted.

Statistical analyses
--------------------

HRs and their associated 95% CIs were used to evaluate the strength of the association between HOTAIR and its prognostic value. For each study, the HRs were extracted from the published data.[@b21-ott-8-1471] If the HRs could not be obtained directly from the publication or by estimation from the O-E statistic and variance, we calculated the HRs from the total number of events and the *P*-value in the articles.[@b22-ott-8-1471] However, if the abovementioned methods were ineffective, then we calculated the HRs and CIs from the Kaplan--Meier survival curves using the HR digitizer software Engauge 4.1 as described previously.[@b22-ott-8-1471] In this meta-analysis, we adopted a random-effects model that accounted for the additional sources of inter-study variation when heterogeneity existed. This model is more conservative than a fixed-effects model because the latter assumes similar true genetic effects between studies, whereas the former assumes normally distributed effects and parameterizes the inter-study variation.[@b23-ott-8-1471] Estimates of the HRs with their corresponding 95% CIs were weighted and pooled using the inverse-variance random-effects model. Subgroup analyses by factor for cancer type and ethnicity were also performed, as well as sensitivity analyses to test the effect of each study on the overall pooled results. Because of the limited number (less than 10) of studies included in each analysis, publication bias was not assessed. The data were combined into a meta-analysis using Stata 12.0 analysis software (Stata Corporation, College Station, TX, USA). All statistical texts were two-sided, and significance was defined as a *P*-value of \<0.05.

Results
=======

Description of studies
----------------------

A total of eight papers were acquired from electronic searches of PubMed and Embase. The literature selection process is shown in [Figure 1](#f1-ott-8-1471){ref-type="fig"}. We identified eight studies based on the inclusion criteria.[@b5-ott-8-1471],[@b12-ott-8-1471]--[@b14-ott-8-1471],[@b16-ott-8-1471],[@b17-ott-8-1471],[@b19-ott-8-1471],[@b24-ott-8-1471] [Table 1](#t1-ott-8-1471){ref-type="table"} summarizes the main characteristics of the included studies. All studies were published in 2010 or later. A total of 1,200 patients were included in those studies, with a maximum sample size of 336 participants and a minimum sample size of 30 participants. Tissue specimens were evaluated in eight studies: four of these studies evaluated breast cancer;[@b5-ott-8-1471],[@b17-ott-8-1471],[@b19-ott-8-1471],[@b24-ott-8-1471] two studies evaluated cervical cancer;[@b13-ott-8-1471],[@b14-ott-8-1471] and one study each evaluated endometrial cancer[@b12-ott-8-1471] and ovarian cancer.[@b16-ott-8-1471] All studies included a high-HOTAIR expression arm and a low-HOTAIR expression arm, while the cut-off values considered in the studies were inconsistent due to variations in the detection methods or discrepancies in the cut-off definitions. A total of eight HRs were analyzed. There were seven studies that assessed OS,[@b5-ott-8-1471],[@b12-ott-8-1471]--[@b14-ott-8-1471],[@b16-ott-8-1471],[@b19-ott-8-1471],[@b24-ott-8-1471] two that assessed MFS,[@b5-ott-8-1471],[@b17-ott-8-1471] two that assessed RFS,[@b14-ott-8-1471],[@b19-ott-8-1471] and two that assessed DFS[@b13-ott-8-1471],[@b16-ott-8-1471] in the meta-analysis. HRs with their corresponding 95% CIs could be obtained directly from six studies; HRs and their corresponding 95% CIs were extracted from three studies from their Kaplan--Meier curves.

Overall survival
----------------

The main results of this meta-analysis are shown in [Figure 2](#f2-ott-8-1471){ref-type="fig"}. Based on variations in the levels of HOTAIR expression in a total of 1,036 patients with four types of cancer, seven studies reported HRs for the OS. The combined analysis showed that HOTAIR expression was associated with poorer OS (pooled HR, 1.99; 95% CI: 1.02--3.90) with obvious heterogeneity (*χ*^2^=22.55, *df*=6, *P*=0.001, *I*^2^=73.4%).

Due to the presence of heterogeneity, subgroup analyses based on the cancer type, ethnicity, and preoperative treatment status were performed ([Table 2](#t2-ott-8-1471){ref-type="table"}). Subgroup analysis by cancer type indicated that high HOTAIR expression was significantly associated with a poorer outcome in three non-breast cancer patients (HR, 2.72; 95% CI: 1.65--4.48) but not in breast cancer patients (HR, 1.38; 95% CI: 0.36--5.27; [Figure 3A](#f3-ott-8-1471){ref-type="fig"}). We found a significant association between HOTAIR expression and OS in Asian cancer patients (HR, 2.55; 95% CI: 1.62--4.00) but not in Caucasians (HR, 1.19; 95% CI: 0.16--8.83; [Figure 3B](#f3-ott-8-1471){ref-type="fig"}). Among non-preoperative treatment patients, we found an accordant role of higher HOTAIR expression in OS with similar HRs (2.55), whereas there was no significant association between HOTAIR and OS in those patients who received preoperative treatment ([Figure 3C](#f3-ott-8-1471){ref-type="fig"}). Significant heterogeneity existed across the studies in the subgroups of Caucasian breast cancer patients and preoperative treatment patients, but there was no significant heterogeneity in the subgroups of Asian patients, patients with cervical and two other estrogen-dependent tumors, or patients without preoperative treatment. To further explore the source of the heterogeneity, a meta-regression was performed using covariates including sample size, detection method, and HRs from univariate/multivariate analyses to analyze the heterogeneity ([Table 3](#t3-ott-8-1471){ref-type="table"}). However, none of the examined factors accounted for the inter-study heterogeneity in the meta-regression.

To explore the source of the heterogeneity, we used the "hatred" macro command in STATA to determine which study resulted in the heterogeneity in the meta-analysis. The heterogeneity decreased from 73.4% to 0.0% if we excluded the study by Lu et al[@b19-ott-8-1471] from the overall pooled analysis. After removing this study, we again pooled the other six included studies, and the heterogeneity was eliminated ([Figure 4](#f4-ott-8-1471){ref-type="fig"}). Sensitivity analysis confirmed the stability of our conclusions, and we deleted single study from the overall pooled analysis one at a time to determine the influence of the removed data set on the overall HR ([Figure 5](#f5-ott-8-1471){ref-type="fig"}). The association between HOTAIR and OS remained stable after the exclusion of the Lu et al study[@b19-ott-8-1471] and any other study from the sensitivity analysis. [Table 4](#t4-ott-8-1471){ref-type="table"} summarizes the sensitivity analysis outcome. Because only seven studies were included, publication bias was not assessed.

MFS, RFS, and DFS
-----------------

Meta-analyses showed the prognostic significance of HOTAIR for MFS, RFS, and DFS in cancer patients ([Figure 6](#f6-ott-8-1471){ref-type="fig"}). Two studies comprising 296 patients reported HRs for MFS and showed that HOTAIR expression exceeding the cut-off value was more likely to be associated with an obviously shorter MFS (HR, 2.30; 95% CI: 1.19--4.44) with heterogeneity (*I*^2^=58.5%, *P*=0.120). The prognostic value of HOTAIR for RFS was evaluated in two studies comprising 447 patients. In those studies, HOTAIR expression was not significantly associated with RFS (HR, 1.39; 95% CI: 0.13--14.64) with obvious heterogeneity (*I*^2^=86.2%, *P*=0.007). Two studies comprising 282 patients reported HRs for the DFS, suggesting that HOTAIR overexpression predicted a worse outcome for DFS (HR, 2.53; 95% CI: 1.27--5.03) without heterogeneity (*I*^2^=0%, *P*=0.714). The sensitivity analysis changed after deleting any of the included studies with respect to the MFS and the RFS but remained stable with respect to the DFS. Subgroup analysis, meta-regression, and publication bias were not applicable in the analyses of MFS, RFS, and DFS due to the limited number of included studies (less than 10; [Table 4](#t4-ott-8-1471){ref-type="table"}).

Discussion
==========

HOTAIR is an lncRNA that is transcribed from the anti-sense strand of the *HOXC* gene locus on chromosome 12.[@b6-ott-8-1471] According to a genome-wide analysis, HOTAIR silencing affects the expression of various types of genes associated with carcinogenesis, tumor suppression, apoptosis, cell differentiation, and development.[@b6-ott-8-1471] HOTAIR has also been found to be overexpressed in various non-estrogen-dependent cancers and to contribute to cancer development, mainly via chromosome remodeling and transcription and post-transcriptional processing.[@b25-ott-8-1471] Targeting the polycomb repressive complex 2 and lysine-specific demethylase 1 complexes to chromatin for coupled histone methylation and demethylation processes of histone H3 lysine 27, HOTAIR then binds various target genes, such as the HOXC cluster.[@b6-ott-8-1471] HOTAIR was recently reported as a hallmark of cancer, especially in predicting the OS of Asian patients or patients with digestive system carcinoma.[@b26-ott-8-1471] The promotion of cell proliferation by estrogen is a significant step in the tumorigenesis of breast and gynecological target tissues, and the mitogenic actions of estrogens are critical in the etiology and progression of human breast and gynecological cancers.[@b27-ott-8-1471] Breast and gynecological cancers are hormone-dependent tumors, and endogenous (reproductive factors) and exogenous (primarily hormonal contraceptives and hormone replacement therapy) exposure to estrogens are the major environmental risk factors for those malignant tumors.[@b28-ott-8-1471]--[@b30-ott-8-1471] The effects of estrogens are mediated by ERα and ERβ, which are typically thought to act via ligand-dependent binding to the estrogen-response elements (EREs) of target genes, resulting in transcriptional regulation. Bhan et al[@b9-ott-8-1471] recently reported that HOTAIR is an estrogen-responsive gene. HOTAIR is transcriptionally induced upon treatment with E2 and suppressed upon exposure to the anti-estrogen agent tamoxifen. In the same study, sequence analysis showed that the HOTAIR promoter contained multiple functional EREs located near transcription start sites, especially ERE2 and ERE3, which exhibited the highest responses to E2 treatment in a luciferase-based reporter assay.[@b9-ott-8-1471] Moreover, ERα and ERβ bound to the ERE regions in the HOTAIR promoter in the presence of E2, emphasizing the crucial roles of ERs during E2-induced HOTAIR expression. ERs combined with various ER co-regulators; for example, the histone methylases MLL1 and MLL3 and CBP/p300 bound the HOTAIR promoter in an E2-dependent manner. The level of histone H3K4 trimethylation, histone acetylation, and RNAP II recruitment was enhanced at the HOTAIR promoter in the presence of E2.[@b9-ott-8-1471] This mechanism of HOTAIR expression may potentially contribute to cancer progression. It is important to note that the HOTAIR gene might be dysregulated by estrogenic endocrine-disrupting chemicals and synthetic estrogens associated with major health risks, specifically, bisphenol A (BPA), a well-known estrogenic endocrine disruptor, and diethylstilbestrol (DES), a synthetic estrogen. The epigenetic mechanism of the transcriptional activation of HOTAIR produced by BPA and DES was similar to that of E2-mediated HOTAIR activation. Exposure to BPA or DES might induce the expression of HOTAIR, even without estrogen, and this expression, in turn, might cause adverse health effects, including cancer and other hormonally regulated diseases.[@b31-ott-8-1471]

In this study, we performed a meta-analysis of the published data on the expression of HOTAIR in four of the main estrogen-dependent tumors (breast, cervical, ovarian, and endometrial cancers) and the association of HOTAIR with survival in each study. The eight eligible studies included 1,200 patients, and HOTAIR expression levels were analyzed. First, we performed a meta-analysis to assess the current evidence of the association between HOTAIR expression and OS in a total of 1,036 patients. An association between HOTAIR expression and OS was found in the global results with obvious heterogeneity. There were many factors that might have been responsible for the heterogeneity, for example, variations in the cancer types, discrepancies in the cut-off definitions, or diverse detection methods. In addition, there were differences in the genetic heterogeneity based on the ethnic backgrounds. Finally, environmental factors also had a strong influence.

Subgroup analysis, meta-regression, and sensitivity analysis were performed to demonstrate the inter-study heterogeneity concerning the independent prognostic role of HOTAIR in OS. Subgroup analyses according to cancer type, sample ethnicities, and preoperative status were performed using a random-effects model. Among the cancer types evaluated, non-breast cancer (cervical cancer, endometrial cancer, and ovarian cancer) was significantly linked with a poorer outcome for patients who expressed high levels of HOTAIR without heterogeneity, suggesting that HOTAIR may play an important role in these cancers that commonly overexpress HOTAIR. These results were consistent with the finding that HOTAIR contributes to the development of cervical cancer and is considered as a cancer biomarker.[@b14-ott-8-1471] Moreover, HOTAIR expression was higher in ovarian and endometrial cancers and played an important role in cancer progression and metastasis. HOTAIR may serve as a biomarker for the malignancy of those cancers and may represent a novel therapeutic target.[@b16-ott-8-1471],[@b32-ott-8-1471] However, we failed to find a significant association between HOTAIR and OS in breast cancer patients. This finding can be explained by the observation that HOTAIR induces a repressed chromatin state by promoting the formation of H3 lysine 27, indicating that HOTAIR may function as a tumor suppressor gene by inhibiting the proliferation of breast cancer stem cells.[@b5-ott-8-1471] In line with this study, another study reported that patients with high HOTAIR expression levels in their breast cancer samples had better survival than patients with low expression due to variations in the levels of intergenic DNA methylation.[@b19-ott-8-1471] Additionally, different biological types of breast cancer might also be somewhat responsible for the negative outcome, which was not analyzed in our meta-analysis due to limited data. A large proportion of patients with breast cancer were ER positive or progesterone receptor positive, and the prognostic value of HOTAIR expression in ER- and progesterone receptor-negative breast cancer might be different. It has been reported that HOTAIR expression is not E2 responsive in the ER-negative human breast cancer cell line MDAMB231, demonstrating the involvement of ERs in E2-induced HOTAIR expression.[@b9-ott-8-1471] This observation indicates that HOTAIR is tightly regulated by ER in breast cancer cells. However, the results were inconclusive. It has recently been reported that HOTAIR expression is lower in ductal carcinomas but higher in ER-negative tumors. In addition, in this previous study, a high level of HOTAIR expression was not involved in nodal metastases or prognosis in ER-positive patients. High HOTAIR expression was only associated with poor prognosis in ER-negative patients who were node positive.[@b33-ott-8-1471] Thus, further independent investigations are needed to identify whether HOTAIR is an independent prognostic biomarker in breast cancer.

It is also possible that HOTAIR may be regarded as a risk factor in Asian populations because we observed a strong association between Asian ethnicity and OS in cancer patients without heterogeneity on ethnicity subgroup analysis. However, when we only considered Caucasian populations, no obvious association was found on subgroup analysis. In line with a previous study,[@b34-ott-8-1471] the current study further validated that HOTAIR is an independent prognostic factor for OS in Asian patients but not in Caucasian patients. This lack of association may be attributed to variations in life styles, ethnic genetic heterogeneity, etc. Notably, HOTAIR expression was a prognostic indicator for OS in patients without preoperative treatment, such as radiotherapy, chemotherapy, or hormonal therapy. However, HOTAIR expression was not a prognostic indicator in patients with preoperative treatment. To some extent, these latter patients showed the true prognostic effect of HOTAIR on survival within a controlled population because the treatment modality modified the prognostic value of HOTAIR. In summary, HOTAIR is an independent prognostic indicator for non-breast cancer patients without preoperative treatment in an Asian population without heterogeneity.

Meta-regression analysis showed that no included stratifying factors, such as sample size, detection method, and HRs from univariable or multivariable analysis, contributed to the main heterogeneity across studies. The "hatred" macro command combined with sensitivity analysis explored the source of the heterogeneity. After excluding the study by Lu et al[@b19-ott-8-1471] the heterogeneity was eliminated, suggesting that the abovementioned study contributed to the source of heterogeneity. Lu et al[@b19-ott-8-1471] reported that intergenic DNA methylation might be biologically relevant in the regulation of HOTAIR expression and that HOTAIR may not be an independent prognostic biomarker. To explore the differences between the study by Lu et al[@b19-ott-8-1471] and other studies, we re-analyzed this paper carefully. There are several possible explanations for the discrepancies in this study regarding the heterogeneity of this association. First, different sample sizes and different cut-off criteria for grouping HOTAIR expression may explain the inconsistency between their results and those of other studies. For example, the Lu et al study,[@b19-ott-8-1471] which included the largest sample size in the meta-analysis, reported the only negative results among all of the included studies; consequently, these results were weighted heavily in the overall results. For the survival analysis, unlike the other five studies that divided HOTAIR expression into two arms (high and low), the levels of HOTAIR expression were grouped into three categories (low, medium, and high) in Lu et al study[@b19-ott-8-1471] based on tertiles of the distributions to assess the association between HOTAIR and the risk of disease progression or death. Next, there were differences in the clinicopathological features and therapy regimens of the patients. For example, most of the patients had early-stage disease (36.4% stage I, 53.4% stage II, and 10.3% stages III and IV) in the abovementioned study.[@b19-ott-8-1471] Moreover, some percentage of the patients in the abovementioned study may have received preoperative treatments, and the author did not divide those patients into a no-adjuvant therapy group and an adjuvant therapy group. Ozgur et al[@b35-ott-8-1471] reported that levels of HOTAIR expression and other lncRNAs (eg, MALAT1) were repressed in bleomycin-treated HeLa and MCF7 cells, suggesting differential regulation of lncRNAs under geno-toxic stress. Moreover, endocrine disruptors could disrupt the ncRNAs and could activate antisense transcripts. HOTAIR gene expression and misregulation might be induced by endocrine-disrupting chemicals, synthetic estrogens, and other environmental toxins/chemicals.[@b31-ott-8-1471] Thus, it is reasonable to conclude that different therapeutic regimens could modify the effects of HOTAIR expression. Finally, the abovementioned study[@b19-ott-8-1471] is a large sample cohort study with a rather long follow-up time (median follow-up time, 86 months; range, 8--108 months) among the studies of the meta-analysis. Considering the research type and the long follow-up time, the validity of the cohort study could have been affected by losses during the long follow-up period.

The present study further analyzed the association between HOTAIR expression and cancer progression. The prognostic effects of HOTAIR on MFS, RFS, and DFS were respectively evaluated in two studies with 296 patients, in two studies with 447 patients, and in two studies with 282 patients. We detected that the prognostic significance of HOTAIR for the DFS was strong (HR, 2.53; 95% CI: 1.27--5.03) without heterogeneity regardless of the data source or cut-off definition. This finding suggested that HOTAIR expression might be a meaningful predictor of DFS. Subgroup analysis showed that HOTAIR was an independent prognostic factor for MFS (HR, 2.30; 95% CI: 1.19--4.44), albeit with heterogeneity. It should be emphasized that all included studies in the MFS subgroup analysis involved breast cancer patients. Given previous findings that HOTAIR overexpression could contribute to breast cancer cell invasion and that HOTAIR knock down inhibited cancer invasiveness through Matrigel in vitro,[@b5-ott-8-1471] our results indicate that HOTAIR might serve as an independent prognostic factor for breast cancer metastasis. However, HOTAIR expression was not significantly associated with a poor RFS (HR, 1.39; 95% CI: 0.13--14.64) with significant heterogeneity. We are unable to draw a definite conclusion regarding the relationships between HOTAIR and MFS, RFS, or DFS owing to the limited number of studies.

This study is the first meta-analysis focused on the association between the prognostic value of HOTAIR and four of the main estrogen-dependent tumors. Compared with the former meta-analysis examining HOTAIR and various cancers,[@b34-ott-8-1471] more specific and related studies were included according to the E2 responsiveness of the examined cancer. These analyses have limitations. First, it should be noted that there are other risk factors for cervical cancer that are more important than hormone levels. One major risk factor for cervical cancer is having multiple sexual partners, resulting in an increased risk of human papillomavirus infection. Another factor is cigarette smoking, which is strongly related to a lower socioeconomic status and ethnicity.[@b36-ott-8-1471] Second, the number of included studies that examined HOTAIR and clinical prognosis is limited. However, the sensitivity analysis results remain stable after excluding each of the included studies. Third, there is no accepted and validated method to assess HOTAIR expression. Hence, there may have been considerable heterogeneity that was not able to be fully interpreted using random-effects modeling. Fourth, several HRs could not be directly obtained from the primary studies, requiring extraction of the HRs from Kaplan--Meier curves. Finally, there are differences in paper quality across the studies that might have contributed to the heterogeneity.

In conclusion, our results suggested that HOTAIR might predict a poor prognosis in four of the main estrogen-dependent cancers, especially in cervical, ovarian, and endometrial cancers in Asian populations without preoperative treatment. Nevertheless, there were insufficient data to fully confirm the association between HOTAIR and its prognostic value in MFS, RFS, and DFS, and the results should be interpreted with caution; well-designed studies with larger sample sizes and additional ethnic groups are required to confirm the risks identified in the present meta-analysis. This study is the first to show HOTAIR as a biomarker for predicting the prognosis of patients with estrogen-dependent tumors. However, more comprehensive studies and larger samples are necessary to confirm this association.
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![Forest plots of studies evaluating the association between HOTAIR expression and overall survival.\
**Note:** Weights are from random-effects analysis.\
**Abbreviations:** CI, confidence interval; HOTAIR, HOX transcript antisense intergenic RNA; HR, hazard ratio.](ott-8-1471Fig2){#f2-ott-8-1471}

###### 

Meta-analysis of the pooled HRs of OS with increased HOTAIR expression.

**Notes:** (**A**) Subgroup analysis of HRs of OS by factor of cancer types. (**B**) Subgroup analysis of HRs of OS by factor of ethnicity. (**C**) Subgroup analysis of HRs of OS by factor of preoperative treatment status. Weights are from random-effects analysis.

**Abbreviations:** CI, confidence interval; HOTAIR, HOX transcript antisense intergenic RNA; HRs, hazard ratios; OS, overall survival.

![](ott-8-1471Fig3)

![](ott-8-1471Fig3a)

![Forest plots of studies evaluating the hazard ratios (HRs) of HOTAIR for overall survival, excluding the study generating heterogeneity (Lu et al[@b19-ott-8-1471]).\
**Note:** Weights are from random-effects analysis.\
**Abbreviations:** CI, confidence interval; HOTAIR, HOX transcript antisense intergenic RNA.](ott-8-1471Fig4){#f4-ott-8-1471}

![Sensitivity analysis of the effect of individual studies on the pooled HRs for increased HOTAIR expression and overall survival of patients.\
**Abbreviations:** CI, confidence interval; HOTAIR, HOX transcript antisense intergenic RNA; HRs, hazard ratios.](ott-8-1471Fig5){#f5-ott-8-1471}

![Meta-analysis of the independent role of HOTAIR in the metastasis/recurrence/disease-free survival of four estrogen-dependent cancers.\
**Note:** Weights are from random-effects analysis.\
**Abbreviations:** CI, confidence interval; DFS, disease-free survival; HOTAIR, HOX transcript antisense intergenic RNA; HR, hazard ratio; MFS, metastasis-free survival; RFS, recurrence-free survival.](ott-8-1471Fig6){#f6-ott-8-1471}

###### 

Characteristics of studies included in the meta-analysis

  First author                Year   Country                      Ethnicity   Specimens   Cancer type          Number   Method       Cut-off                                    Analysis                  Survival[\*](#tfn1-ott-8-1471){ref-type="table-fn"}
  --------------------------- ------ ---------------------------- ----------- ----------- -------------------- -------- ------------ ------------------------------------------ ------------------------- ---------------------------------------------------------------------------------------------
  Gupta[@b5-ott-8-1471]       2010   USA                          Caucasian   Tissue      Breast cancer        132      qRT-PCR      125-fold compared with normal tissue       Multivariate              OS,[a](#tfn1-ott-8-1471){ref-type="table-fn"} MFS[a](#tfn1-ott-8-1471){ref-type="table-fn"}
  Lu[@b19-ott-8-1471]         2012   Italy                        Caucasian   Tissue      Breast cancer        336      qRT-PCR      10.01 expression index                     Multivariate              OS,[a](#tfn1-ott-8-1471){ref-type="table-fn"} RFS[a](#tfn1-ott-8-1471){ref-type="table-fn"}
  Li[@b24-ott-8-1471]         2014   People's Republic of China   Asian       Tissue      Breast cancer        30       qRT-PCR      .270-fold increased levels                 Univariate                OS[b](#tfn2-ott-8-1471){ref-type="table-fn"}
  Sorensen[@b17-ott-8-1471]   2013   Denmark                      Caucasian   Tissue      Breast cancer        164      Microarray   Density plot of gene expression of 0.6     Multivariate              MFS[a](#tfn1-ott-8-1471){ref-type="table-fn"}
  Kim[@b14-ott-8-1471]        2015   Korea                        Asian       Tissue      Cervical cancer      111      qRT-PCR      30-fold compared with normal tissues       Univariate/multivariate   OS,[b](#tfn2-ott-8-1471){ref-type="table-fn"} RFS[a](#tfn1-ott-8-1471){ref-type="table-fn"}
  He[@b12-ott-8-1471]         2014   People's Republic of China   Asian       Tissue      Endometrial cancer   145      ISH          An staining index score of 6               Univariate                OS[a](#tfn1-ott-8-1471){ref-type="table-fn"}
  Huang[@b13-ott-8-1471]      2014   People's Republic of China   Asian       Tissue      Cervical cancer      218      qRT-PCR      Median expression value of HOTAIR          Multivariate/univariate   OS,[a](#tfn1-ott-8-1471){ref-type="table-fn"} DFS[b](#tfn2-ott-8-1471){ref-type="table-fn"}
  Qiu[@b16-ott-8-1471]        2014   People's Republic of China   Asian       Tissue      Ovarian cancer       64       qRT-PCR      Median value of HOTAIR expression levels   Univariate                OS,[b](#tfn2-ott-8-1471){ref-type="table-fn"} DFS[b](#tfn2-ott-8-1471){ref-type="table-fn"}

**Notes:**

Denoted as obtaining HRs directly from publications;

denoted as extracting HRs from Kaplan--Meier curves.

**Abbreviations:** DFS, disease-free survival; HOTAIR, HOX transcript antisense intergenic RNA; HRs, hazard ratios; ISH, in situ hybridization; MFS, metastasis-free survival; OS, overall survival; qRT-PCR, quantitative reverse transcription-polymerase chain reaction; RFS, recurrence-free survival.

###### 

Results of subgroup analysis of the independent role of HOTAIR in OS/MFS/RFS/DFS

  Subgroup analysis         No of studies   No of patients   Pooled HR (95% CI)   Heterogeneity   
  ------------------------- --------------- ---------------- -------------------- --------------- -------
  Overall survival                                                                                
   Cancer type                                                                                    
    Breast cancer           3               498              1.38 (0.36--5.27)    87.7            0.000
    Non-breast cancer       4               538              2.72 (1.65--4.48)    0.0             0.575
   Ethnicity                                                                                      
    Caucasian               2               468              2.55 (1.62--4.00)    0.0             0.675
    Asian                   5               568              1.19 (0.16--8.83)    93.6            0.000
   Preoperative treatment                                                                         
    No                      5               568              1.19 (0.16--8.83)    93.6            0.000
    Yes                     2               468              2.55 (1.62--4.00)    0.0             0.675
  Metastasis                2               296              2.30 (1.19--4.44)    58.5            0.120
  Recurrence                2               447              1.39 (0.13--14.64)   86.2            0.007
  Disease-free              2               282              2.53 (1.27--5.03)    0.0             0.714

**Abbreviations:** CI, confidence interval; DFS, disease-free survival; HOTAIR, HOX transcript antisense intergenic RNA; HR, hazard ratio; MFS, metastasis-free survival; OS, overall survival; RFS, recurrence-free survival.

###### 

Results of meta-regression of the independent value of HOTAIRin overall survival

  Covariate                 No of study   No of patients   exp(*b*)   SE       *P*-value
  ------------------------- ------------- ---------------- ---------- -------- -----------
  Sample size                                                                  
   ≤132                     4             337              0.6355     0.4206   0.524
   \>132                    3             699                                  
  Detection method                                                             
   qRT-PCR                  6             891              0.4192     0.4415   0.447
   Non-qRT-PCR              1             145                                  
  Univariate/multivariate                                                      
   Univariate               4             350              0.6436     0.4334   0.542
   Multivariate             3             686                                  

**Abbreviations:** HOTAIR, HOX transcript antisense intergenic RNA; qRT-PCR, quantitative reverse transcription-polymerase chain reaction; SE, standard error.

###### 

Sensitivity analysis

  Sensitivity analysis                 Heterogeneity test   Pooled effect size                       
  ------------------------------------ -------------------- -------------------- ------------------- -------
  Lu et al[@b19-ott-8-1471] included   73.4                 0.5865               1.99 (1.02--3.90)   0.001
  Lu et al[@b19-ott-8-1471] excluded   0.0                  0.0000               2.75 (1.88--4.02)   0.745

**Abbreviations:** CI, confidence interval; HR, hazard ratio.
